Construction industry involves the highest risk of occupational accidents and bodily injuries, which range from mild to very severe. The aim of this cross-sectional study was to identify the factors associated with accident severity rate (ASR) in the largest Iranian construction companies based on data about 500 occupational accidents recorded from 2009 to 2013. We also gathered data on safety and health risk management and training systems. Data were analysed using Pearson's chi-squared coefficient and multiple regression analysis. Median ASR (and the interquartile range) was 107.50 (57.24-381.25). Fourteen of the 24 studied factors stood out as most affecting construction accident severity (p<0.05). These findings can be applied in the design and implementation of a comprehensive safety and health risk management system to reduce ASR.
information about the risks and related accidents, absence of an accident analysis, poor risk assessment, and insufficient health and safety training, which includes low participation of workers in safety programs (11) (12) .
Iran as a developing country has many construction companies. According to statistics, many accidents at construction sites have resulted in great human and socioeconomic losses (2, 4, 13) . Although less than 12 % of Iranian workers are active in construction, the severity of injuries is very high (14) .
Extensive efforts have been made to distinguish construction accidents and identify factors that lead to them (15) (16) , but the vast majority of studies are not comprehensive in this respect. Accident severity rate (ASR) is a basic quantitative index of occupational accidents that focuses on their consequences and severity (17) . Identifying factors associated with the severity of construction accidents may help to reduce and prevent them. The aim of our study was to cover as many factors identified in accident reports as possible and establish their association with ASR.
METHODS
This cross-sectional study analysed occupational accidents at 13 largest Iranian construction industries between 2009 and 2013 that resulted in injury of 500 workers. The analysis included ASR as the dependent factor and individual and organisational factors (IOFs), safety and health training factors (TFs), and risk management factors (RMFs) as independent factors.
Individual and organisational factors
Individual factors included age, working experience, and educational (academic or non-academic) level of the injured workers. Organisational factors included job title (simple construction workers, technicians, or drivers), type of activity that led to the accident (construction work, mechanical activity, installation, and electrical activity), and number of workers (10) .
Safety and health training factors
The TFs included pre-employment training (yes/no), periodic training (yes/no), past-accident training (yes/no), training about personal protective equipment (PPE) (yes/ no), housekeeping training (yes/no), duration and content of provided safety and health training (acceptable/ unacceptable).
Risk management factors
Risk management factors included: establishment of a system related to S&H (yes/no); implementation of a risk management system (yes/no); hazard identification (HAZID) (yes/no); periodic risk assessment (yes/no); reporting; implementing report system of all incidents(yes/no); accident investigation; implementation of any method to accident investigation (yes/no); S&H-related checklist; completion of checklists about workplace harmful agents or hazards (yes/no); S&H audit and inspection (yes/no); PPE; using and wearing personal protective equipment (yes/no); housekeeping; implementation of proper layout system to place equipment, tools and materials in workplace (yes/ no); toolbox meetings (TBM) at the beginning and the end of the work shift (yes/no).
Accident severity rate
Based on days lost to injury this index has been applied to measure safety performance and identify issues (17) . To calculate ASR, we used the formula of the Occupational Safety and Health Administration (OSHA), as follows:
Study step 1: accident data collection
We collected ASR, IOF, TF, and RMF data from accident investigation reports and reports which included information about S&H management, training, interviews (witnesses, supervisors, managers, and other personnel), and any related record to the accidents. These reports were reviewed by researchers, and incomplete reports excluded from the study (83 reports) leaving 500 reports ready for analysis.
Step 2: factor ranking This step was to determine the importance of each studied factor for ASR. It included two stages: screening and ranking (18) . Screening removed unimportant or problematic inputs, and ranking sorted the rest according to their importance. For ranking we used the IBM SPSS Modeler 14.2 (International Business Machines Corp. Armonk, NY, USA). Since the entry included a wide variety of data types such as continuous, nominal, flag, and ordinal data, we used Pearson's chi-squared test with the importance cut off point set to 0.95 (18) .
Step 3: ASR modelling
In the final step, we used IBM SPSS v. 22.0 to investigate the relationship between all important factors and accident severity rate by means of multiple linear regression analysis. For this analysis, we first established the normality of ASR distribution using the KolmogorovSmirnov test. Then, depending on the result, we used Mann-Whitney U-test, Kruskal-Wallis test, or linear regression to analyse the relationship between ASR and the most important factors. Finally, the factors associated with ASR (p<0.05) were modelled using multiple linear regression.
RESULTS AND DISCUSSION Table 1 shows overall mean and median lost working days and accident severity rates (ASR) and these values by percentiles. Our ASR findings are consistent with earlier reports (1-4), and the alarming risk of occupational accidents in construction industry calls for urgent action (2, 15) . Table 2 presents individual and organizational factors (IOFs) related to the injured construction workers. The mean age of the injured workers was below 30 years, average work experience below five years, over 80 % had no academic education, over 70 % were construction workers, and almost 70 % worked in construction at the time of the accident. These findings are not a surprise, as younger and inexperienced workers get to do more physically demanding and riskier jobs. However, they do point out that this is the population that requires most attention and safety and health training (10) (11) 14) .
The rest of the factors confirm that there is so much left to be desired in risk management in Iranian construction industry.
The distribution analysis of lost working days and ASR showed that both indices were not normal, so we evaluated the relationship between ASR and the associated factors with the nonparametric tests ( Table 5 ) and found that all factors were significantly associated with ASR (p<0.05). Figure 1 shows the results of factor ranking using Pearson's chi-squared analysis (importance rate ≥0.95).
Multiple linear regression modelling (Table 6 ) has further filtered factors that were significantly associated with ASR (adjusted R 2 =0.812, p<0.05) even after including all variables. ASR in construction, mechanical, and electrical activities was on average higher by 26.19, 14.70, and 6.20 than in installation activities, respectively.
Our regression model indicates that periodic training, knowledge about personal protective equipment, and content and duration of training significantly correlate with ASR. Awareness of workplace hazards is definitely one of the ways to reduce the risk of severe occupational accidents (19-21). Lack of and inadequate safety and health training for workers and project managers and poor safety climate and culture are already known as accident-associated factors (7), and our study calls for improvement in safety attitude and climate as a result of quality safety and health training (22) . Our model has also singled out which training factors should the training address in particular: PPE Soltanzadeh Table 3 shows that only half of the injured workers received pre-employment safety and health training and only 22 % received periodic training after employment. Only 32 % of the workers were acquainted with housekeeping and only 21 % were using PPE. Of all workers, 26.4 % were satisfied with the duration and 14.2 % with the content of training they received. Even though this percentage does not reflect the ratio among workers that did receive any kind of training due to a fault in data gathering, we still get a pretty good idea of the inadequacy of the safety and health training programmes in construction industry. Table 4 shows that a risk management system was established in only 18.4 % of the construction worksites. Mitropoulos et al. (20) . In fact, Haslam et al. found that poor housekeeping and other problems related to site layout contributed to about half of the construction accidents.
S&H -safety and health
As for the other risk management factors, quite expectedly, high ASR is significantly associated with the failure to use PPE or to have the hazards identified, as well as with the failure to investigate the accident properly.
Haslam et al. (10) have shown earlier that deficiencies in risk management account for a high proportion of accidents in the construction industry. Ours and other studies (11) (12) 23) clearly suggest that every construction company should have a well-designed construction risk management system (CRMS) in place to properly identify, analyse, control, and manage safety and health risks at their construction sites. A well-designed CRMS should include all important factors identified by our regression modelling to optimise the cost-benefit ratio and significantly decrease the frequency and severity of occupational accidents in construction industry.
One of the limitations of our study is the number of excluded accidents (83 of them), as it may lead to bias, but the remaining sample of 500 accidents provides an idea of the issue at hand.
One of the merits of our multiple regression approach over other methods is that we used two parallel methods to estimate and determine the key factors contributing to accident severity rate in construction industry. We hope that our study will help to improve the conditions at construction sites, especially in safety and health training and risk management.
Some questions such as determination of root causes and factors contributing to accident severity remain unanswered. Answering them will require a well-designed comprehensive study that will rely on root cause analysis.
